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Introduction
The idea that deviations from an ideal alignment will
result in pain and disability has been extensively pub-
lished [1–7]. The majority of these publications have
been based on “clinical experience”, intuitive belief, and
opinion [2]. They revolve around the assumption that if
the line of gravity does not fall through a joint, a gravita-
tional moment will be created. This increases muscular
and ligamentous loads and results in a state of muscu-
loskeletal imbalance, incongruence of articular surfaces,
microtrauma, and degenerative tissue changes [6,8,9].
An anterior position of the head in the sagittal plane
relative to the line of gravity is considered a common
postural fault [10]. This “forward head posture” has been
associated with neck pain and spasm, interscapular pain,
headache, thoracic outlet syndrome, dorsal scapular
nerve entrapment, respiratory airways compromise, and
temporomandibular joint dysfunction [3,4,8,11–15].
Yet, there remains no accepted standardized method for
describing and measuring head on neck position [10],
nor is there an abundance of research to support the
premise that any one cervical resting posture is more
closely associated with the presence, severity or fre-
quency of upper quadrant pain or dysfunction than any
other [12,16,17]. Despite this, reviews consistently con-
clude that neck disorders are associated with “abnormal”
neck posture [18].
Haughie et al [4] attempted to link forward head
posture to the presence of neck pain. The researchers
examined posture in 54 office workers using computer
terminals for more than 4 hours per day. They concluded
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that individuals classified as experiencing neck pain had
significantly greater forward head posture than the con-
trol group. These findings are open to serious questions.
All participants in this sample reported some degree of
neck pain upon measurement. A decision on the char-
acteristics defining each subject as a case or control was
not made a priori, but was decided after examining the
pain reports of all participants. The case group was de-
fined for this study as those subjects with four or more
distinct areas of pain in the upper quadrant. Control
group subjects had three or less distinct areas of pain.
Given the prevalence of pain in the total sample and
the way in which a “case” was defined, these findings
are not as valid as the study suggests.
Watson and Trott [15] examined forward head pos-
ture in relation to patients experiencing cervicogenic
headache of insidious onset and a control group. Using
lateral photographs to estimate craniovertebral angles
in their subjects, they demonstrated a highly significant
relationship between forward head posture and head-
ache in their sample. These results were not replicated
by Dumas et al [19], who also used a sample of people
experiencing headache to examine this relationship.
One reason for their result may be related to the inclusion
of patients with a history of trauma in their sample.
In another study using photographic methods to test
the hypothesized relationship between pain and pos-
ture in the upper quadrant, Refshauge et al [17] exam-
ined the magnitude of the cervicothoracic kyphosis in 
a sample of women describing pain in the cervical and
trapezius region, which was assessed by calculating the
cervicothoracic angle formed by the intersection of lines
from the spinous processes of C4–C7 and C7–T4. They
found that the cervicothoracic angle was not associated
with pain in their sample.
Grimmer [20] measured forward head posture by
linear excursion in a community sample of 427 people
and compared them to reported episodes of neck pain
in the past 1 month. She found no significant difference
in the prevalence of neck pain across the group and
concluded that the occurrence of neck pain in never-
injured individuals is not dependant upon linear excur-
sion. Despite the total sample size used in this study, the
sample was broken into 25 subgroups for analysis, thus
severely reducing the statistical power of the analysis.
Hanten et al [10] also assessed forward head posture in
42 neck pain patients, age- and sex-matched to controls.
They found that resting head posture was not signifi-
cantly different between the patient population and the
control group.
Associations exploring forward head posture and
pain in published research are clearly inconsistent. As
all of these studies were cross-sectional in design, no
causal inference can be made between the measured pos-
ture and the presence or location of pain. Questions of
whether posture is causal or adaptive in its relationship
may affect the validity and stability of the measurements
themselves.
There have been a number of research methods used
for quantifying cervical resting posture [16,21]. Refshauge
et al [21] described methods for estimating cervical incli-
nation, the angle of cervical lordosis, and the cervicotho-
racic angle. The authors demonstrated good reliability for
their measurements, with intraclass correlation coeffi-
cients (ICCs) between 0.88 and 0.95 for each of the three
angles. Harrison et al [3] examined intrarater reliability
of neck inclination and cranial rotation angles in asymp-
tomatic individuals and described ICCs of 0.81 and 0.74,
respectively. Similar results have been published for lower
cervical angle (0.98), upper thoracic inclination (0.68)
[22], and natural shoulder position (0.87) [1]. However,
there is little examination to assess whether these cal-
culations have any clinical meaning in terms of pain or
other describable dysfunction in a patient group.
After examining craniovertebral angle and upper
cervical flexor muscle performance, Watson and Trott
[15] demonstrated that forward head posture was sig-
nificantly associated with reduced muscle endurance
capacity in a population of cervical headache patients.
The relationship proposed between these factors is that
a longstanding forward head posture will lead to adap-
tive shortening of the suboccipital muscles and weak-
ening of the short flexor group [7]. This relationship
could not be demonstrated in asymptomatic individuals
[23] whose forward head posture, measured by excur-
sion of both the upper and lower aspects of the cervical
spine, failed to be associated with deep cervical flexor
muscle endurance. This finding casts doubt on the pre-
sumed relationship between forward head posture and
muscle performance, suggesting that alterations in mus-
cle performance are a response to the presence of pain
rather than adaptation to non-ideal posture.
The objectives of the current study were to investigate
the conflicting results regarding head and neck posture
in the study of cervicogenic dysfunction. Specifically, a
number of measures have been outlined relating to the
assessment of forward head posture. Firstly, if these mea-
sures all reflect valid descriptions of cervical posture and
its associated features, it should then be expected that
they would demonstrate a degree of correlation with
each other. Secondly, if these postural measures have
clinical meaning, then an association should be able to
be demonstrated between these measurements and other
clinically relevant findings, such as pain and muscle
performance in the upper quadrant.
Methods
Subjects
Participants were drawn from two call centres in
Newcastle, a regional city in New South Wales, Australia.
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To be eligible for inclusion, participants had to be aged
between 17 and 60 years. They also had to perform a
job involving keyboard visual display terminal use for a
minimum of 4 hours each day. Previous studies have
cited this figure as being a critical time for the develop-
ment of musculoskeletal disorders in workers in this type
of industry [24]. Subjects were excluded if they had a
history of neck trauma, cervical spine surgery or a past
diagnosis of concussion. All participants gave informed
consent. Ethical approval for this study was granted by
The University of Newcastle’s Medicine and Health
Sciences Research Ethics Committee.
Measures
All participants were assessed in their workplace. Mea-
sures of postural angles, postural performance factors
and demographic information were collected from all
participants.
Postural angles
Subjects were seated in a high-backed chair with their
feet flat on the floor and knees and hips at 90°. Their
buttocks were positioned back in the chair, hands rest-
ing in their lap, and scapulae against the back of the
chair. Surface markers were placed on the tragus of the
ear, the spinous processes of C2, C7 and T1, the posterior
acromial angle, and the suprasternal notch. A lateral
photograph was taken of each person in this position. 
A plumb line placed behind the subject was included 
in the photograph so that the true horizontal could be
calculated. Photographs were digitized and postural angles
calculated using Adobe Photoshop 6.0 (Adobe Systems
Inc., San Jose, CA, USA).
Craniovertebral angle was assessed by the method
described by Watson and Trott [15] and Treleaven et al
[25], an adaptation of the technique described by Solow
and Tallgren [26]. The craniovertebral angle is formed
by a postural reference line connecting the tragus and
the C7 spinous process transecting the true horizontal
(Figure A). This method has been shown to have good
intrarater reliability (r = 0.973) [15].
Cervical inclination was determined as described by
Refshauge et al [27]. The measurement is the angle
formed between a line drawn between the C2 and C7
spinous processes, and the true horizontal (Figure B).
Natural shoulder position was described by Braun and
Amundson [1] and Braun [11]. This measure of shoul-
der posture is calculated as the angle formed between a
line connecting the spinous process of C7 and the poste-
rior acromial angle, and the true horizontal (Figure C).
Upper thoracic inclination, neck inclination and the
lower cervical angle were all measured using the methods
described by Kietrys et al [22]. Upper thoracic inclination
is a measure of the angle formed between a line connect-
ing the T1 spinous process to the suprasternal notch, and
a horizontal reference line (Figure D).
The lower cervical angle is formed between a line
connecting T1 spinous process to the tragus and a line
connecting the T1 spinous process to the suprasternal
notch (Figure E).
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Figure. Postural angles calculated. (A) Craniovertebral angle. (B) Cervical inclination. (C) Natural shoulder position.
(D) Upper thoracic inclination. (E) Lower cervical angle.
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Neck pain
Neck pain and associated disability were ascertained using
the validated and widely used Northwick Park neck pain
questionnaire [28]. This questionnaire assesses neck pain
and disability over nine domains. It yields a raw score
out of 36, which is converted to a percentage score.
Postural performance factors
Difference in neck column length was estimated using
the method described by Grimmer et al [8] and Blizzard
et al [29]. From the erect sitting position, anterior neck
column length was measured with a tape measure placed
on the skin and conforming to the contours of the neck
between the point of the chin and the sternal notch.
Posterior neck column length was measured in a similar
manner from the occipital protuberance to the spinous
process of C7. Column length difference was the result
after subtracting the posterior from the anterior column
length. Blizzard et al [29] demonstrated high test–retest
reliability for this method with ICCs of 0.99 for anterior
column length and 0.98 for posterior column length.
Measures of deep cervical flexor muscle performance
were made using established protocols for the craniocer-
vical flexion test described by Jull [30]. These methods
have been extensively published elsewhere [31–35], and
their reliability well established. The measures utilized
from this test in the current study were deep cervical
flexor activation score (the pressure that could be
achieved and held in a steady manner for 10 seconds
when measured on a pressure biofeedback unit), number
of successful controlled repetitions at the activation score
pressure (to a maximum of 10), and a performance index
which expressed holding capacity of the deep cervical
flexor muscles and was calculated by multiplying the
target pressure by the number of successful repetitions.
Endurance of the shoulder girdle was assessed using
a modified grade 3 muscle test for lower trapezius. The
subject was positioned in prone lying with the load
removed by keeping the arm at the side. The scapula
was placed in a neutral position and the subject asked
to hold the position for a 10-second period. The num-
ber of 10-second repetitions without substitution was
recorded to a maximum of 10.
Background factors
Other information collected from participants included
age, height and weight. From the measures of height
and weight, body mass index was calculated.
Data analysis
Differences in pain, muscle performance, postural angles
and demographic measures between sexes were assessed
using the Student’s t test for parametric data and the
Wilcoxon rank sum test for nonparametric data.
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Table 2. Summary of measured postural angles*
Variable Entire sample (n = 34) Females (n = 20) Males (n = 14) p†
Craniovertebral angle 47.84 ± 7.20° 47.22 ± 7.93° 48.74 ± 6.24° 0.555
Cervical inclination 70.25 ± 9.19° 70.25 ± 9.81° 73.76 ± 8.13° 0.391
Natural shoulder position 116.71 ± 14.94° 116.71 ± 16.87° 116.99 ± 12.27° 0.649
Upper thoracic inclination 20.98 ± 7.36° 20.20 ± 7.84° 22.10 ± 6.73° 0.484
Lower cervical angle 69.29 ± 7.27° 68.10 ± 7.44° 70.98 ± 6.92° 0.310
*Data are presented as mean ± standard deviation; †between sexes.
Table 1. Characteristics of study participants*
Variable
Entire sample Females Males 
p†
(n = 34) (n = 20) (n = 14)
Age 37.15 ± 10.85 39.00 ± 9.95 34.50 ± 11.90 0.247
Body mass index 28.79 ± 7.46 29.21 ± 9.05 28.18 ± 4.55 0.944
Neck column length difference 0.96 ± 2.01 1.28 ± 1.82 0.50 ± 2.26 0.107
DCF activation score 6.15 ± 1.97 6.30 ± 1.75 5.93 ± 2.30 0.636
DCF repetitions 6.91 ± 2.67 7.15 ± 2.74 6.57 ± 2.62 0.666
DCF performance index 41.71 ± 21.01 45.40 ± 22.67 36.43 ± 17.84 0.246
Global neck flexor muscle endurance 12.80 ± 3.54 12.37 ± 3.38 13.43 ± 3.80 0.104
Shoulder girdle muscle endurance 8.21 ± 2.31 8.15 ± 2.62 8.29 ± 1.86 0.761
NPQ score 13.70 ± 10.21 17.45 ± 10.64 8.32 ± 6.80 0.015
*Data are presented as mean ± standard deviation; †between sexes. DCF = deep cervical flexor muscle; NPQ = Northwick Park neck
pain questionnaire.
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Angular measures of posture were compared using 
a correlation matrix to assess the degree of agreement
between the individual measures. Postural measures
were then correlated with measures of pain and disabil-
ity, performance, and demographic factors. Pearson’s
correlation coefficient was calculated for parametric
data and Spearman rank correlation coefficient was cal-
culated for nonparametric data. All data were analysed
for statistical significance at the p = 0.05 level.
Results
Thirty-four workers (20 women, 14 men) volunteered
for the study. A summary of the demographic and per-
formance factors, and the pain and disability score for
the sample is given in Table 1. Examination of these
variables indicated that there were no statistically sig-
nificant difference between sexes, with the exception of
Northwick Park neck pain questionnaire score in which
females exhibited a higher score than males in the sample
(p = 0.015). 
The means of the individual postural angles measured,
together with their standard deviations, are given in
Table 2. No statistically significant differences between
sexes were noted.
An examination of correlation coefficients between
the postural angles measured (Table 3) revealed moder-
ate correlations of craniovertebral angle with cervical
inclination (r = 0.61) and lower cervical angle (r = 0.47).
Moderate correlations also emerged between upper
thoracic inclination and lower cervical angle (r = 0.55).
Some agreement between these measures of head for-
ward posture is indicated, although the strength of the
agreement varies widely between measures.
A marked effect due to sex emerged in correlates of
natural shoulder position with craniovertebral angle and
lower cervical angle. In each of these cases, the direction
of the linear association was negative for females and
positive for males, indicating that a sex-specific mecha-
nism confounded this relationship.
In assessing relationships of postural angles with
performance and demographic factors for the entire
sample (Table 4), significant correlations of age with
craniovertebral angle and lower cervical angle existed,
suggesting more forward carriage of the head with
increasing age. Body mass index was associated with all
postural measurements except upper thoracic inclination.
No postural muscle performance factors were associated
with postural measures. A significant relationship was
demonstrated between Northwick Park neck pain ques-
tionnaire score and craniovertebral angle, indicating in-
creased pain and disability scores associated with reduced
postural angle.
Re-examination of these relationships by sex (Table 5)
revealed markedly differing trends for some variables, Ta
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in particular, natural shoulder posture as related to age,
body mass index, neck column length difference, shoul-
der girdle muscle endurance, and deep cervical flexor
performance index and repetitions. In the majority of
these variables, the direction of the correlation was 
reversed between sexes. Cervical inclination displayed
similar trends in its relationship with neck column
length difference, and deep cervical flexor activation score
and repetitions. Moderate and statistically significant
negative correlations of pain and disability scores with
craniovertebral angle were demonstrated in males only.
Discussion
Our results should be seen as hypothesis-generating
rather than conclusive for a number of reasons: (1) the
small sample size; and (2) the lack of adjustment for
multiple comparisons. These results should, therefore,
be confirmed in a larger follow-up study. Nevertheless,
the results are internally consistent, biologically plausi-
ble and raise a number of issues.
The presence of a statistically significant relationship
between Northwick Park neck pain questionnaire
scores and sex is consistent with previously published
studies. Both Chiu et al [36] and Korhonen et al [37]
found that female sex was a strong predictor of neck
pain in visual display terminal users.
Measures of head forward posture are reasonably
well correlated
The existence of moderate correlations of craniovertebral
angle with upper thoracic inclination and lower cervical
angle suggest that these measures all indicate a degree
of forward head posture with agreement, even though
the level of agreement may not be considered high.
Furthermore, these measures are not greatly different
in magnitude or direction between sexes. 
Natural shoulder position failed to reflect the described
measures of forward head posture when examined by
correlation. However, the between-sex differences elic-
ited by correlations using this measure provide consid-
erable interest. As the angle of natural shoulder position
increased, indicating a more anteriorly displaced and pro-
tracted scapula position, measures of all cervical angles
decreased in females. This suggests that with increasing
shoulder girdle protraction, there is more forward head
posture in women. In males, the opposite relationship
was evident. Increased anterior displacement of the
shoulder girdle was associated with increased cervical
angular measures, suggesting less forward head posture
in males.
Some measures of head forward posture correlate
with the presence of pain
The hypothesized relationship between pain and forward
head posture was displayed by the statistically signifi-
cant correlations between Northwick Park question-
naire score and craniovertebral angle. Pain and disability
scores increased as the measured angle reduced, indi-
cating a greater forward excursion of the head on the
neck. Body mass index was also related to all the cervi-
cal measures. This may be indicative of a relationship be-
tween pain and body mass index previously discussed by
Walker-Bone et al [18], who reported that self-reported
rates of disability and pain in the neck and upper limb
rise with body mass index.
Sex influences relationships between posture and
muscle endurance parameters
Correlations between measured posture and postural
muscle performance for the entire sample could be
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Table 4. Correlations between postural angles and demographic and performance factors for the total sample
Craniovertebral Cervical Natural shoulder Upper thoracic Lower cervical
angle inclination position inclination angle
Age −0.39 −0.09 0.13 −0.06 −0.47 
(p = 0.023) (p = 0.005)
Body mass index −0.63 −0.52 0.49 −0.02 −0.50 
(p < 0.001) (p = 0.002) (p = 0.003) (p = 0.003)
Neck column length difference −0.17 −0.17 0.08 0.34 0.16
DCF activation score 0.05 −0.16 0.21 −0.16 −0.11
DCF repetitions −0.15 0.02 −0.20 0.07 −0.08
DCF performance index −0.07 −0.08 −0.03 −0.08 −0.20
Global neck flexor endurance 0.03 0.13 0.15 −0.09 −0.04
Shoulder girdle endurance 0.10 −0.15 −0.14 −0.01 0.05
NPQ −0.43 −0.13 0.03 0.27 −0.07
(p = 0.010)
DCF = deep cervical flexor muscle; NPQ = Northwick Park neck pain questionnaire.
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described at best as weak. This combined analysis of data
for both men and women disguised a number of existing
relationships in this sample that became apparent after
stratification by sex. This is explained by the differing
directions of these relationships between sexes. 
For males in the sample, a less forward head posi-
tion, as indicated by greater cervical inclination, was
associated with lower deep cervical flexor activation
scores. This is contrary to expectations since a more for-
ward head position would be expected to put the deep
cervical flexor muscles in a lengthened position, thereby
working them at a mechanical disadvantage. The for-
ward head position was, however, associated with re-
duced endurance of this muscle group as indicated by
the positive relationship between cervical inclination and
the number of repetitions performed at the activation
score pressure. This finding is consistent with expecta-
tions, since previous studies have found poorer endur-
ance in this muscle group in patients with forward head
posture [15].
Natural shoulder position is used as an estimate of
shoulder girdle posture. This has been reported to be
closely linked to head and neck postures and control of
this region [38]. Greater forward position of the shoulder
girdle in male participants was associated with lower
endurance of the deep cervical flexor muscles measured
as repetitions. This relationship may be indicative of the
clinically observed links between protraction of the
shoulder girdle and a forward head posture and would
relate to findings already discussed. In female partici-
pants, increased protraction of the shoulder girdle was
associated with poorer shoulder girdle muscle endur-
ance. Again, this would be an expected relationship,
since the muscles will be routinely worked in a length-
ened range rather than closer to the neutral position in
which they have been tested.
The inconsistent and contradictory findings between
males and females suggest that for analysis of a number
of measures, sexes should be considered individually
rather than pooled into a total. Whilst some explana-
tions for these contradictions are difficult to theorize,
these sex-specific differences appear to be systematic and
hence reflect a stable trend within the data requiring
consideration.
Our findings regarding inter-sex differences are con-
sistent with previously published literature examining
sex variation in craniocervical morphology and posture
[39]. In their study of population samples from both
southern China and Britain, Cooke and Wei demon-
strated a consistent trend for greater forward angulation
of the cervical spine in females. One factor that may
account for this is the measured difference between
anterior and posterior neck column length. Whilst not
reaching statistical significance in this analysis, female
participants had a mean column length difference of
1.28 cm compared with only 0.50 cm in males. This may
necessitate a more forward head position to attain a
natural head posture and visual equilibrium.
The level of agreement between measures purporting
to estimate postural dysfunction in the cervical region
would not be considered high. This may be due to the
fact that whilst we assess posture as a static feature, it is
actually dynamic and can change over time or even be-
tween measurements taken at close intervals owing to
factors such as fatigue and ligamentous creep. By col-
lecting these data, we are theoretically making a judge-
ment on which values are “normal” or “abnormal” [40].
It is very likely that a large range of normal values exists,
independent of musculoskeletal pain and dysfunction.
Alternatively, what we are assessing as posture may,
in fact, reflect other physical factors such as working
muscle length or control under low load. It may be these
factors that explain individual and sex differences in
our patients rather than the simplistic label of forward
head posture which fails to describe any dynamic fea-
tures such as mobility or motor control of the cervical
and upper thoracic regions.
These findings indicate that we can substantiate a
relationship between forward head posture and self-
reported pain and disability in people with cervical dys-
function. Furthermore, there is a degree of consistency
between different measures of forward head posture.
No matter how we interpret posture and its usefulness
in a clinical context, it is apparent that sex alters its rela-
tionship with other seemingly related clinical measure-
ments, including deep cervical muscle performance. Care
should be taken when either combining or extrapolating
from postural measurements to account for this.
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